H ip replacement has been described as ''the operation of the century'' 1,2 and is very successful in relieving pain and disability 3 . An estimated 226,000 primary hip replacements were performed in the United States in 2004, with a projected rise to over 600,000 by 2015 4 . Following a general trend toward less invasive surgery in orthopaedics 5 and other surgical specialties 6 , there has been growing interest in minimally invasive total hip replacement through one or two mini-incisions. The precise definition of minimally invasive surgery is controversial, although it is commonly defined in terms of an incision of £10 cm 7 . As with standard total hip replacement, substantial variations in the performance of mini-incision surgery, including the extent of deep dissection and the use of specifically designed instruments, exist among surgeons. Registry data suggest that the use of minimally invasive surgery for hip arthroplasty varies from 0.1% to 13% in different countries [7] [8] [9] . It has been claimed that the majority of patients who are suitable for total hip replacement are also suitable for a minimal-incision procedure 10 . Minimal-incision surgery is, . Concern has been raised that commercial pressures and direct-to-consumer marketing rather than clinical evidence were largely responsible for the initial spread of mini-incision total hip replacement 3, 12, 13 . Therefore, we performed a systematic review of the literature with regard to the clinical effectiveness of mini-incision total hip replacement compared with standard total hip replacement for the management of arthritic disease of the hip.
Materials and Methods
Search Strategy E xtensive electronic searches were conducted in March 2010. The databases searched were MEDLINE, MEDLINE In-Process, Embase, BIOSIS, Science Citation Index, Cochrane Controlled Trials Register, National Research Register, Clinicaltrials.gov, Current Controlled Trials, Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effectiveness, HTA (Health Technology Assessment) database, and Health Management Information Consortium database. Full-text searching of key surgical journals was also undertaken. Web sites of national orthopaedic registries were searched, and key professional organizations and manufacturers were consulted. Searches were not restricted by study design, publication year, or language, and conference proceedings and abstracts were included. Reference lists of all included studies were scanned to identify additional potentially relevant studies. Full details of the MEDLINE and Embase search strategies used are documented in the Appendix and were adapted for other databases. Full details of all searches undertaken have been published elsewhere 14 .
Study Selection, Data Extraction, and Assessment of Risk of Bias
Two reviewers independently screened titles, abstracts, and full-text papers for eligibility, extracted data with use of a standard form, and evaluated the methodological quality with use of the Delphi criteria list 15 . Any disagreement was resolved by discussion or by consultation with a third reviewer. Authors were contacted in case of incompletely reported data. We included randomized and quasi-randomized (alternating allocation) controlled trials of primary single mini-incision total hip replacement compared with standard total hip replacement for adults with arthritis. Single mini-incision surgery was defined as a procedure using one incision of £10 cm, in accordance with the definition of the National Joint Registry for England and Wales in 2007 16 . Patients who underwent hip arthroplasty surgery for hip fracture or tumor, revision surgery, hip resurfacing, or surgery involving the use of individual computer-designed custom prostheses were excluded.
The primary outcome measures were the revision rate, postoperative dislocation rate, and surrogates for long-term outcomes. In the absence of studies using well-validated predictors of long-term outcome such as radiostereometry, we assessed implant position (quality of cup and stem placement), implant migration, and cementation quality as surrogate outcomes.
The secondary outcome measures were recovery after surgery (pain and resumption of normal activities), condition-specific quality of life (Harris hip score) and patient satisfaction, adverse effects (intraoperative blood loss, fracture, infection, nerve injury, deep venous thrombosis, heterotopic ossification, and mortality), and resource utilization (length of operation and length of hospital stay).
Meta-Analysis
Meta-analysis was performed if more than one identified study reported the same outcome. For dichotomous outcomes, a fixed-effect method was used to derive a summary estimate involving the Peto odds ratio (OR) and *BMI = body mass index, MI = mini-incision, SI = standard incision, and NR = not reported. †Abstract only. ‡Bilateral total hip replacements (MI in one hip, SI in the other).
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accompanying 95% confidence interval (CI). For continuous outcomes, a random-effects method was used to drive a weighted mean difference (WMD) and associated 95% CI. The Peto method was used for analysis of dichotomous outcomes because events were not particularly common for some of the prespecified outcomes. The random-effects method was chosen for analysis of continuous variables because of statistical heterogeneity as assessed with use of the chi-square test and I 2 statistics 17 . Studies were excluded from the metaanalysis of the Peto OR if they had no events in both arms, as such studies provide no information about the direction or magnitude of relative treatment effects 17 . Meta-analysis was performed with use of the standard Cochrane Collaboration software RevMan version 5 18 . If a quantitative synthesis was not feasible, a narrative synthesis of the results was provided. Meta-analysis of continuous variables requires means and standard deviations (SDs). However, some studies did not report the SD. Importantly, there seemed to be a greater tendency for the SD to be provided if the estimate was in a particular direction, and a meta-analysis performed only with studies that reported the SD might have generated biased results. For this reason, we chose to estimate missing SDs with use of a method recommended by the Cochrane Collaboration 17 and using available information on p values. This approach made the assumption that standard deviations were the same in both arms of the trial. If a study only reported p values if they were less than a certain value (e.g., if p < 0.05), we calculated standard deviations on the basis of a p value equal to that value (e.g., p = 0.05).
Source of Funding
A previous version of this review 14 
Results

A
total of twenty trials, reporting on 1857 participants, were identified. The flow of trials through the study selection process is shown in the Appendix. Only two trials 19, 20 had >200 participants. The other trials ranged in size from twenty to 120. The mean duration of follow-up was also short, ranging from six weeks to three years, with only seven trials [20] [21] [22] [23] [24] [25] [26] having a mean follow-up duration of one year or longer (Table I) . Six trials were published only as abstracts 20, [27] [28] [29] [30] [31] . The included studies were of mixed methodological quality (see Appendix). Allocation concealment was adequate in four studies (20%) 19, 21, 26, 32 and inadequate (quasi-randomization through alternating allocation) in five (25%) [22] [23] [24] 33, 34 , but the other eleven studies 20, 25, [27] [28] [29] [30] [31] [35] [36] [37] [38] (55%) provided insufficient information for this to be assessed.
Hip replacements were performed with use of several approaches (Table I ). The authors of five trials indicated that total hip replacement was performed by ''experienced'' surgeons 19, 21, 23, 29, 34 , whereas two 22, 36 suggested that the mini-incision procedure represented surgeons' early experience with this technique. Surgeons' experience with the mini-incision approach was not reported for the remaining trials. The rehabilitation protocols that were used differed across trials but were consistent within individual trials. It was also explicitly stated in nine trials [21] [22] [23] 25, 26, 30, 32, 35, 37 that patients with higher body mass indices (BMIs) were excluded. No trend favoring either treatment group was discernible in any of the prespecified surrogate measures (Table II and Appendix). The confidence intervals were wide and include clinically important differences favoring either approach.
Meta-Analysis
Postoperative Dislocation Rates
Dislocation was also uncommon, occurring at a rate of <1% in both surgical techniques. There were no clear differences between groups and confidence intervals were wide, including differences that were not clinically plausible (Peto OR, 1.23; 95% CI, 0.38 to 4.05; p = 0.73; Fig. 1 ).
Recovery After Surgery
Much of the available data on the level of pain and resumption of normal activities after surgery were derived within three months of surgery (see Appendix). Outcome measures differed among studies, making the results difficult to combine. On average, results were slightly more favorable for the mini-incision group, although few studies reported any statistically significant differences between the groups. Differences over longer terms were sparsely reported (see Appendix).
Condition-Specific Quality of Life and Patient Satisfaction
Meta-analysis showed that the Harris hip score at three months or less after mini-incision surgery was better than that after standard-incision surgery, but the difference was small and not significant (WMD, 4.31; 95% CI, 0.08 to 8.54; p = 0.05; Fig. 2 ). Three studies 33, 36, 38 with data that could not be included in the meta-analysis also revealed no evidence of a difference between groups (see Appendix). All but one 20 of the ten trials [20] [21] [22] [24] [25] [26] 29, 33, 36, 38 that followed participants over a longer term (greater than three months) indicated that there were no significant differences between the groups, but the data in few of these trials were suitable for formal meta-analysis (see Appendix).
One small trial 27 (N = 27) indicated that patient satisfaction scores were slightly lower in the standard incision group (14.6) than in the mini-incision group (15.2), but the difference was not significant (p = 0.341).
Short-Term Complications
Meta-analysis showed evidence of less blood loss (by approximately 65 mL) in the mini-incision group than in the standardincision group (WMD, 265 mL; 95% CI, 298 to 233 mL; p < 0.0001; Fig. 3 and Appendix). However, the difference was not clinically important.
Adverse events during the postoperative period were uncommon in the included studies. No significant differences emerged between mini-incision and standard-incision procedures with respect to prespecified adverse effect measures (Table  III and Appendix) . This may be due to the fact that all of the trials were small and underpowered. In general, mini-incision procedures had higher rates of infections and nerve injury but lower rates of fractures, deep venous thrombosis, and heterotopic ossification compared with standard procedures.
The authors of one trial 19 reported that two (2%) of the 110 patients in the standard-incision group had died in the early postoperative period; one patient with ischemic heart disease who had undergone a previous angioplasty had an acute myocardial infarction, and the other had extensive bowel infarction due to mesenteric vessel thrombosis. The authors of another trial 28 reported one death in the mini-incision group from pulmonary embolism. Postoperative dislocation. CI = confidence interval, and df = degrees of freedom. Harris hip score (obtained at £3 months), including studies in which standard deviations were estimated from the reported p value. CI = confidence interval, IV = inverse variance, and df = degrees of freedom.
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The results of the meta-analysis suggested that the operative time for mini-incision surgery may be slightly shorter, by approximately two minutes (WMD, 22 minutes; 95% CI, 26 to 2 minutes; p = 0.33; Fig. 4) . The difference was not significant and not clinically relevant. The mean length of hospital stay was shorter in the miniincision group (WMD, 20.3 day; 95% CI, 20.7 to 0.1 day; p = 0.18; Fig. 4 ). However, this must be interpreted with caution, since these differences may reflect the clinical policy of each hospital for discharge rather than the clinical need of each patient.
The results of other studies with data that could not be included in the meta-analyses (eight for operative time 20, 23, [28] [29] [30] [31] 36, 37 and seven for length of hospital stay 20, 26, 28, 29, 31, 33, 36 ) were consistent with these findings (see Appendix). Intraoperative blood loss (in mL), including studies in which standard deviations were estimated from the reported p value. CI = confidence interval, IV = inverse variance, and df = degrees of freedom. Length of the operation (in minutes) and length of the hospital stay (in days), including studies in which standard deviations were estimated from the reported p value. CI = confidence interval, IV = inverse variance, SD = standard deviation, and df = degrees of freedom.
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Discussion
C urrent evidence suggests that differences between miniincision and standard total hip replacement with respect to surgical time and blood loss are of little clinical importance. There was a statistically nonsignificant trend toward a shorter length of hospital stay, although studies were inconsistent and the differences were small. Differences in disease-specific outcome measures varied among studies but there was generally little difference between the groups. The number of reported complications in both groups was small and there was no significant difference between groups, although there was a tendency toward increased infections and nerve injuries and decreased fractures and deep venous thromboses in the mini-incision group. There were no major differences in the short-term revision rate or surrogates for long-term outcome measures, although no studies are yet able to report long-term revision rates or outcomes. Overall, there is no strong evidence either for or against mini-incision compared with standardincision total hip replacement on the basis of the short-term measures currently available.
Many studies (nine [21] [22] [23] 25, 26, 30, 32, 35, 37 of the eleven trials that reported inclusion criteria) excluded patients with higher BMIs, and care should be taken in extrapolating study findings to more heterogeneous patient groups. In addition, most of the studies were presumably undertaken by surgeons or groups with particular expertise in hip surgery, and it is uncertain whether the low complication rates reported here could be reproduced more widely, particularly during a surgeon's initial ''learning curve.'' 39, 40 The definition of minimally invasive surgery is problematic. Incision length is commonly used because it is easily quantified, but it may correlate poorly with the extent of deep dissection and overall tissue trauma. This might partially explain the small size of the differences between groups.
We conducted thorough literature searches and applied current best practice for undertaking systematic reviews 17 . However, the review was limited by the small size, short follow-up, and quality of the primary studies. The lack of data unfortunately made it necessary to combine a range of different surgical approaches, implants, and rehabilitation protocols in one group. A mini-incision procedure may reduce visualization for component positioning. Its relative merits must therefore be measured over a longer term to show that the proven longevity of total hip arthroplasty is not compromised by the use of a smaller incision. However, reported revision rates during the follow-up periods (maximum mean, three years) were 0.5% (one of 197) for miniincision procedures compared with 0% (zero of 198) for standard procedures. Clearly, such a small number of revisions does not provide any indication as to which procedure is associated with a higher risk and the magnitude of this risk elevation.
The results may have been further confounded by inadequate conduct and reporting of the trials. In particular, lack of allocation concealment in five of the twenty trials, which used quasi-randomization (alternation), and incomplete reporting of the concealment method in an additional eleven trials could have introduced selection bias and exaggerated estimates of the intervention effect 41 . A large proportion of the studies did not report measures of variability (SD) needed for meta-analysis of continuous data. To minimize the resulting bias, we used a standard method to impute a missing SD value from the stated p value for the difference between the means. This could have caused summary estimates to be overly precise. The variability in the outcome measures used, especially those assessing recovery after surgery and quality of life, also made comparison across studies difficult.
Despite the absence of a clear difference between minimally invasive and standard hip replacement, we believe that this meta-analysis has important implications. First, it suggests that strong claims either for or against well-conducted singleincision minimally invasive surgery on the basis of small individual studies are not justified. Second, it demonstrates that, despite the multitude of papers on minimally invasive surgery, there is still a need for well-conducted studies with adequate sample sizes and follow-up. It also highlights the importance of standardized outcome measures and adherence to standard guidance for reporting 42 to enable robust synthesis of research evidence. In conclusion, this review suggests that the short-term results of mini-incision total hip replacement are not notably different from those of standard total hip replacement. Importantly, 17, 2012 there is a lack of data on longer-term performance, and especially on the revision rate. Although there may be some marginal shorter-term advantages and disadvantages, the current evidence is not strong enough to support one surgical technique over the other.
